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Abstract 

Background: Blood flow between the right and left ventricles is subject to the continuity equation and systolic 
ventricular interdependence. Quantification of this relationship might aid in understanding inter-ventricular 
function. The purpose of this study was to evaluate and quantify ventricular interdependence by directly 
comparing right and left ventricular systolic function though echocardiographic surrogates of right and left 
ventricular systolic function such as MAPSE, TAPSE, RVTVI and LVTVI. 

Methods: This study prospectively evaluated 51 healthy participants (mean age, 41 ± 17 years) by resting 
echocardiography. In addition to standard measurements, tricuspid annular plane of systolic excursion, (TAPSE), 
mitral annular plane of systolic excursion (MAPSE), and the peak annulus systolic velocity of the right ventricular 
(RVs) and left ventricular (LVs) free walls were measured by M-mode and pulsed wave Doppler tissue 
echocardiography and further evaluated for variance across age, gender, and body surface area. 

Results: TAPSE (22.1 ± 2.9 mm) was over 54.5% greater than MAPSE (14.3 ± 2.6 mm) and RVs was 64.4% greater 
than LVs. The LV to RV systolic relationship measured by MAPSE/TAPSE and LVs/RVs ratios were 0.66 ± 0.14 and 
0.76 ± 0.21 respectively. These values were not significantly affected by age, gender or body surface area (BSA). 

Conclusion: MAPSE/TAPSE and LVs/RVs ratios appear stable across age, gender, and BSA potentially making them 
good surrogates of systolic ventricular relationship and interdependence. 
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Background 

The differences between the right and left ventricle go 
far beyond differences in shape and thicknesses and 
further include differences in cardiac myofibril concen- 
tration and orientation leading to complex differences in 
the way each ventricle ejects blood [1]. However, despite 
these differences, according to the continuity equation, 
flow in one area must equal flow in a second area pro- 
vided no shunts are present. In cardiology, this principle 
is most frequently applied to the calculation of valve 
areas, but since this principle is derived from the con- 
servation of mass law, it also applies to blood flow 
between the right and left ventricles. When one or both 
ventricles fail, this delicate balance is upset leading to 
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the shunting of blood manifested by systemic and/or 
pulmonary edema. Since the difference between balance 
and imbalance can be the difference between health and 
significant morbidity and mortality, we hypothesis that 
this interventricular relationship could be quantified 
using simple echocardiographic techniques. This knowl- 
edge could further provide insight into the balance 
between normal right and left ventricular function and 
quantify pathological systolic imbalance between the 
two ventricles. In order to accomplish this we sought 
simple and accurate echocardiographic techniques to 
assess right and left ventricular function independently 
in order to then directly compare systolic performance 
of each ventricle to the other. 

Although there are many surrogates of LV systolic 
function, the complex shape of the right ventricle (RV) 
makes its' functional assessments much more 
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challenging. Despite newer techniques such as three- 
dimensional echocardiography and cardiac magnetic 
resonance, the cost and expertise required to utilize 
these modalities currently make them impractical for 
both screening and follow up evaluation [2]. However, 
M-mode derived tricuspid annular motion, also known 
as tricuspid annular plane systolic excursion (TAPSE) is 
a simple and widely used method for echocardiographic 
assessment of RV systolic function [3-7]. Furthermore, 
TAPSE has been validated as a good surrogate of RV 
function in multiple MRI and 3D echocardiographic stu- 
dies including a recent MRI study by Dirk et al which 
showed a good correlation between TAPSE and RV 
ejection fraction (r = 0.52; p < 0.001) [8,9]. 

This previous MRI study by Dirk et al as well as a 
study by Qin et al [10] revealed that the vertical motion 
of the mitral valve, known as the mitral annular plane of 
systolic excursion (MAPSE), also correlates well with LV 
systolic function [8,11]. 

Similarly, measurements of peak mitral and tricuspid 
valvular velocities using pulsed wave Doppler tissue ima- 
ging (DTI) have also been shown in multiple studies to 
correlate well with ejection fraction[3,6,12,13]. This cor- 
relation remained consistent regardless of both pulmon- 
ary artery pressure^ and even poor image resolution 
[14]. 

Based on the simplicity and reproducibility of these 
surrogate markers of systolic function, we chose the 
longitudinal systolic motion of the lateral walls of both 
ventricles as measured by TAPSE and MAPSE as well as 
the peak systolic annulus velocity (S) of the same seg- 
ments as measured by Doppler Tissue Imaging (DTI). 

Methods 

After Institutional Review Board approval, data was col- 
lected on fifty one healthy adult volunteers without any 
known history of cardiac disease using two-dimensional 
and Doppler echocardiography at our non-invasive ima- 
ging laboratory. All echocardiograms were done accord- 
ing to the recommendations and standards of the 
American Society of Echocardiography using a standard 
commercially available ultrasound systems (Vivid 7, S6 
and Vivid i; GE Healthcare, Milwaukee, WI), and stored 
digitally for subsequent analysis using software (Echo- 
Pac, Version 3.1, GE). Participants were excluded from 
the study if they had a rhythm other than sinus rhythm, 
a history of pulmonary hypertension, atrial fibrillation, 
complete right or left bundle branch block, pacemakers, 
defibrillators or more than mild valvular disease. Partici- 
pants with a history of heart failure, myocardial infarc- 
tion, previous cardiac surgery, an LVEF < 55%, a left 
atrial index > 28 cc/m^, LV or RV hypertrophy, LV or 
RV enlargement, or more than mild valvular heart dis- 
ease were also excluded. 



Baseline variables collected included age, BSA, gender, 
LVEF, left ventricular interventricular septal thickness, 
left atrial volume index, and right ventricular systolic 
pressure (RVSP). Eligible participants were then divided 
by age into 3 groups; group I < 30, group II 30-50, and 
Group III > 50 years old. 

From the four chamber view, TAPSE and MAPSE 
(Figure 1) were measured from the lateral aspect of each 
annulus using M-mode imaging. Similarly, peak systolic 
tissue Doppler velocities were measured from the basal 
RV free wall just lateral to the mitral and tricuspid 
valves (Figure 2) using fixed 5-mm sample volumes. 
Baseline demographic and clinical characteristics for 
continuous variables were expressed as mean ± SD and 
tested for differences using the Student's t test or 
when appropriate. The study population was also 
divided into 3 groups by age including those < 30 years, 
30-50 years, and > 50 years old as well as by sex. Analy- 
sis of variance (ANOVA) was performed in order to 
compare multiple echo measurements across age 
groups. Age and BSA dependencies of MAPSE/TAPSE 
and LVs/RVs measurements were evaluated by linear 
regression analysis. An intra and interobserver agree- 
ment analysis using the Kappa statistic was performed 
to determine consistency among evaluators. For all mea- 
surements, a two-sided P value of less than 0.05 was 
considered statistically significant. All statistical analysis 




Figure 1 Examples of M-mode derived tricuspid annular plane 
of systolic excursion (TAPSE) (left), and mitral annular plane of 

systolic excursion (MAPSE) (right) from the four chamber view. 
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Figure 2 Examples of color Doppler tissue imaging lateral to 
the tricuspid valve (left) and mitral valve (right) from the four 
chamber view including peak systolic (S) and diastolic (E') 
velocities. 



was performed using SPSS for Windows, version 17.0, 
SPSS Inc, Chicago, Illinois, USA) and GraphPad Prism 
version 5.0 (La JoUa, CA). 

Results 

Basic demographic and echocardiographic data were 
collected and were separated by gender. All variables 
were similar between the two groups except for an 
increased BSA among male subjects (Table 1). 

On average, TAPSE (22.1 ± 2.9 mm) was over 54.5% 
greater than MAPSE (14.3 ± 2.6 mm) and when MAPSE 
was directly compared to TAPSE, the resultant MAPSE/ 
TAPSE systolic interventricular ratio was 0.66 ± 0.14. 
When these values were further analyzed for variance, 
this relationship was remarkably consistent regardless of 
age {P = 0.51), sex {P = 0.19), or BSA {P = 0.78) (Table 2). 

This same process was applied using Doppler tissue 
imaging of the RV and LV lateral free walls and revealed 
that RVs was on average 64.4% greater than LVs with a 
LVs/RVs systolic interventricular ratio of 0.76 ± 0.19. 
Likewise, no significant difference was seen when these 



Table 1 Demographics and basic echocardiographic data 
from 51 healthy Individuals. BSA, body surface area 





Female 
N = 29 


N 


Male 
= 21 


P value 


Age, y 


42.5 i 


: 16.1 


39.7 d 


: 17.7 


0.744 


BSA, 


1.8 


± 0.2 


1.9 


± 0.2 


0.02 


LA volume index, cc/m^ 


14.9 i 


: 10.6 


14. 


4 ± 6 


0.824 


LVIVS, cm 


0.9 


± 0.2 


0.9 


± 0.1 


0.823 


RVSP, MMHg 


28.8 


± 4.2 


27.7 


± 4.4 


0.919 


LVEF, % 


56.2 


± 4.2 


55 


± 2.8 


0.811 



LVIS, left ventricular Interventricular septum; RVSP, right ventricular systolic 
pressure; LVEF, left ventricular ejection fraction 



values were analyzed for variance across age {P = 0.24), 
BSA {P = 0.70) and gender {P = 0.80) (Table 2). Linear 
regression analysis of MAPSE/TAPSE and LVs/RVs 
ratios were first separated by gender and then graphed 
against age and BSA. The resultant linear regression lines 
were both flat and almost identical regardless of gender 
further confirming that age, BSA, and gender had no sig- 
nificant effect on MAPSE/TAPSE or Slv/Srv ratios (Fig- 
ure 3). The average Kappa coefficient for inter and 
intraobserver agreement for the measured values were 
0.659 (p <.0.001) and 0.814 (p < 0.001) respectively. 

Discussion 

The results of this study revealed several interesting 
qualities of right and left systolic relationship. First, the 
surrogates of RV function, TAPSE and the velocity of 
the RV free wall were almost always greater than their 
LV counterparts. On average TAPSE was over 54.4% 
greater than MAPSE, and RVs was over 64.4% greater 
than LVs. Although the etiology of this can only be 
speculated, the ability of the RV to sustain this increased 
basal to apical movement and tissue velocity despite its 
significantly reduced muscle mass is likely related to the 
reduced resistance of the pulmonary vascular circuit as 
compared to the LV systemic circuit. A second likely 
factor is that although a large portion of RV contraction 
occurs in the basal to apical plane, a large portion of left 
ventricular contraction also occurs in other planes. This 
fact was illustrated by Carlsson et al which showed that 
although 80% of RV stroke volume results from shorten- 
ing in the longitudinal plane, this motion accounts for 
only 60% of left ventricular total stroke volume.^ 

A second finding is that the measurements of TAPSE 
(2.1 cm ± 0.35), MAPSE (1.4 cm ± 0.26), RVs (13.02 
cm/s ± 2.4) and LVs (9.76 cm/s ± 2.58) fell within rela- 
tively tight dispersions across the population. Further- 
more, when each of the LV surrogates was directly 
compared to its respective RV surrogate, the resultant 
systolic interventricular ratios remained tightly distribu- 
ted (TAPSE/MAPSE = 0.66 ± 0.14 and Slv/Srv = 0.76 ± 
0.19) regardless of age, BSA or gender. Although these 
results were somewhat unexpected, the reason for this 
might be suggested by a separate study by Garrison et 
al. which showed that despite the different contributions 
of longitudinal motion toward RV and LV total stroke 
volume, the actual percentage of total stroke volume 
contributed by each ventricle remained relatively consis- 
tent, even when compared between healthy adults, ath- 
letes, and patients with dilated cardiomyopathy with 
reduced LVEF [15]. 

Limitations 

Although this study was relatively small and only 
included healthy subjects, the consistency of TAPSE/ 
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Table 2 Measured echocardiographic variables by age and gender. MAPSE, mitral annular plane of systolic excursion 





< 30y 


30-50 


> 50 


ANOVA 


Female 


Male 






N = 16 


N = 18 


N = 17 


P value 


N = 29 


N = 22 


P value 


Peak annular excursion. 


mm 














Tricuspid (TAPSE) 


22.2 ±.9 


22.6 ± 2.8 


21.8 ± 3.2 


0.70 


22 ± 2.8 


22.5 ± 3.2 


0.52 


Mitral (MAPSE) 


14.3 ± 2 


15.1 ± 2.9 


13.6 ± 2.7 


0.25 


14.6 ± 2.8 


14 ± 2.2 


0.40 


MAPSE/TAPSE 


0.65 ±0.12 


0.68 ± 0.15 


0.64 ±0.13 


0.64 


0.68 ± 0.16 


0.63 ± 0.09 


0.19 



Peak s-wave velocity, cm/s 



RV Free Wall (Srv) 1 3.4 ± 2.2 1 2.2 ± 2 1 3.4 ± 2.8 0.20 1 3.2 ± 2.2 1 2.6 ± 2.7 0.38 

LV Free Wall (Slv) 10.5 ±2.8 9 ± 2.1 10 ± 2.7 0.64 10 ± 2.5 9.6 ± 2.7 0.61 

LVs/RVs 0.78 ±0.21 0.75 ± 0.19 0.76 ± 0.2 0.82 0.76 ± .18 0.77 ± 0.22 0.80 
TAPSE, tricuspid annular plane of systolic excursion RV, right ventricle; LV, ventricle; ANOVA, analysis of variance. 



MAPSE and LVs/RVs ratios make them unique and 
potentially good instantaneous or perhaps even good 
chronological measurements of right and left ventricular 
systolic interdependence. Furthermore, if this relation- 
ship remains consistent in larger studies, this technique 
could potentially be used to diagnose and evaluate 
patients with diseases that might preferentially alter 
either right or left ventricular function. The most classic 
example would be in the setting of constrictive pericar- 
ditis, but could also include acute pulmonary emboli or 
pulmonary hypertension where RV function might be 
affected more than LV function leading to a smaller 
MAPSE/TAPSE ratio. Conversely, disease processes that 
preferentially affect left ventricle function such as aortic 
stenosis or acute left ventricular infarcts might be 
expected to lead to a more positive MAPSE/TAPSE or 
LVs/RVs ratio. In these conditions, the ratios could not 
only help detect subtle changes in the interventricular 
systolic relationship, but might also be used to monitor 
progression or improvements that result from specific 
treatments. 



R- Female 0.015 



c 



^. 0)0. .0. o 



R- Female=aOI4 



-&■ Female 
-•- Male 



Figure 3 Relationship of TAPSE/MAPSE to age (A) and body 
surface area (BSA) (B). Relationship of SLv/Spvto age (C) and BSA (D). 



The goal of this pilot study was to assess the systolic 
relationship and ventricular relationship and interdepen- 
dence of the right and left ventricle and to assess the 
feasibility and reproducibility of directly comparing ven- 
tricular systolic function using echocardiographic surro- 
gate markers as well as establish normal interventricular 
baseline values. One limitation intrinsic to all pilot stu- 
dies is its relatively small sample size as well as the fact 
that it only contained normal subjects. Although we 
admit these shortcomings, we also believe that the goals 
of our study were met and thus a larger prospective 
study which will include patients with isolated RV and 
LV diseases is currently underway. 

Conclusion 

Both MAPSE/TAPSE and LVs/RVs ratios are reproduci- 
ble, easy to obtain, and appears stable across age, BSA, 
and gender potentially making them good surrogates for 
RV and LV systolic interdependence. Although these 
findings require further validation in a larger study, 
these measurements might aid in the diagnosis or man- 
agement of patients in which interventricular systolic 
function is altered by acute or chronic processes. 

Patient Consent 

This is a retrospective study. The Internal Review Board 
(IRB) granted an exemption to review the data in echo- 
cardiograms retrospectively. 
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